Abstract: The present study investigated the effects of different temperatures and sodium dialysate concentration on blood pressure in hemodialysis patients. Following Williams' design, hemodialysis patients were randomly assigned into four dialysis modes. Dialysate temperature was set at 37°C for modes A and C and, 35°C for modes B and D. Sodium concentration was set at 138 mmol/L in modes A and B, while it changed from 150 mmol/L to 138 mmol/L in modes C and D. Using analysis of variance for repeated measures, the mean values of systolic and diastolic blood pressure were investigated. The mean values of systolic and diastolic blood pressure in modes C and D had a significant difference with the values in mode A. The mean values of systolic and diastolic blood pressure in patients dialyzed with mode B had a significant difference with the values in those dialyzed with mode D. Moreover, there were significant differences in the incidence of hypotension between A and other modes and between B and modes C and D, but this difference was not significant between modes C and D. In order to reduce intradialytic blood pressure fluctuations and hypotension, the nursing staff are recommended to gradually reduce dialysate sodium concentration.
had a significant difference with the values in mode A.
The mean values of systolic and diastolic blood pressure in patients dialyzed with mode B had a significant difference with the values in those dialyzed with mode D. Moreover, there were significant differences in the incidence of hypotension between A and other modes and between B and modes C and D, but this difference was not significant between modes C and D. In order to reduce intradialytic blood pressure fluctuations and hypotension, the nursing staff are recommended to gradually reduce dialysate sodium concentration. Key Words: Blood pressure, Dialysate sodium, Dialysate temperature, Dialysis, Renal failure.
Chronic kidney disease (CKD) is a pathophysiological process with various causes. It inevitably leads to a reduction in the number and functioning of nephrons and consequently results in end-stage renal disease (ESRD) (1) . ESRD disturbs the body's ability to maintain fluid and electrolyte balance in the blood. Also it weakens the process of eliminating other nitrogenous waste products from the blood, leading to uremia or azotemia. The disease often remains unknown even in those suffering from it, because of the asymptomatic nature of CKD (2) . In the United States, the prevalence of CKD treated with dialysis and transplantation increased from 10% during 1994-1998 to 13.1% during 1999-2004 (3) . In a population-based study in Tehran, Iran, the age-adjusted prevalence of CKD in a population aged 20 years and above was reported 14.9%; such a high prevalence is considered as a serious threat to health (4) .
Hemodialysis (HD) is the most common choice for patients with ESRD (5) . Despite the remarkable progress made in different fields of nephrology, there is no alternative for dialysis before kidney transplantation. So HD has become the most common maintenance therapy for patients with CKD over the past few decades (6) . Dialysis is performed to prevent dangerous complications including uremia, electrolyte imbalance, and pericarditis. According to the International Renal Care Center, it is estimated that more than one million medical staff will be required to take care of approximately 1.4 million people receiving dialysis in 2020 (7) .
Improvement of patients undergoing HD depends on not only medicines (8) but also diet and fluid restrictions (9) . Failure to comply with such restrictions is associated with complications such as fluid retention, accumulation of toxic substances, cardiovascular problems, and ultimately premature death (8) . Although dialysis is very effective in the removal of soluble compounds and excess fluids, it is often associated with side effects such as hypotension, muscle cramps, dizziness, and lightheadedness (10) . Intradialytic hypotension is a common complication (11) which occurs among 20-30% of patients (12) . Because of patients' intolerance, intradialytic hypotension not only limits the removal of excess fluid, but it may also result in complications such as cardiac ischemia and cerebral infarction (13) . Different approaches can be adopted for prevention and treatment of intradialytic hypotension. Some studies have shown that cold dialysis improves patients' cardiovascular tolerance and reduces the signs and symptoms of hypotension (11, 13, 14) . Using appropriate sodium concentration is another method proposed for prevention of intradialytic hypotension. This method is started with the administration of a hypernatremic dialysate, and then the amount of sodium is reduced to remove excess sodium added to the patient's blood during dialysis (15) . Ultrafiltration (UF) is another method of hypotension prevention. In this method, the dialysis machine is set to take more fluid from the patient at the beginning of dialysis and less in the final stages. At the end of dialysis, UF reduction can prevent the occurrence of hypotension (16) . Some studies suggested a combination of sodium concentration and UF for prevention of intradialytic hypotension (14, 15, 17, 18) . Despite the availability of different prevention methods, the rate and frequency of intradialytic hypotension did not change. On the other hand, to the best of the authors' knowledge, no study is available regarding the combination of dialysate temperature reduction and use of sodium for the prevention of intradialytic hypotension. Therefore, the present study aimed to investigate the effects of changes in temperature and sodium dialysate on blood pressure in HD patients.
PATIENTS AND METHODS
This randomized, triple-blind crossover clinical trial study was carried out according to Williams' design ( Fig. 1) .
The study population consisted of 110 patients admitted to the HD ward of Emam Hossein Hospital, the only referral center for HD patients in Shahroud, a city located in northern part of Iran. The main inclusion criteria were as follows: being aged 18-75 years old, undergoing HD using sodium bicarbonate solution three times a week, having a history of at least 6 months of HD treatment, and having 
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arteriovenous fistula vascular access. Other inclusion criteria include: not suffering from severe anemia (hematocrit levels <20%) (19) or coagulation disorders which could lead to bleeding during dialysis (as diagnosed by a physician), not taking high blood pressure medications, not taking any blood product during dialysis, and having no intention for migration and kidney transplantation. In this study, death of patient, serious intradialytic complications such as seizures, and termination of dialysis sooner than the appointed time for any reason were considered as exclusion criteria. The data about demographic characteristics of the patients were also collected from their medical records. Among the 110 patients treated with HD, 30 were excluded (24 patients did not meet the inclusion criteria and six patients declined to participate); therefore, the remaining 80 patients were enrolled in the study after obtaining a written informed consent. In this study, four protocols were administered including: dialysis mode A (dialysate temperature: 37°C; routine sodium concentration: 138 mmol/L), dialysis mode B (dialysate temperature: 35°C; routine sodium concentration: 138 mmol/L), dialysis mode C (dialysate temperature: 37°C; sodium dialysate concentration at the beginning of HD was 150 mmol/L, which was decreased linearly every hour until it reached 138 mmol/L in the last hour of the dialysis), and dialysis mode D (dialysate temperature: 35°C; sodium dialysate concentration at the beginning of HD was 150 mmol/L, which was decreased linearly every hour until it reached 138 mmol/L in the last hour of dialysis) (11) . For every patient in this study, dialysis via each of the treatment modes was performed in three sessions. Dialyzer and the duration of all sessions and modes of dialysis were the same for each patient. Moreover, there was no significant difference between patients' weight gain in all sessions and modes. In addition, some clinical symptoms of patients were assessed by a checklist including thirst, chillness, dizziness, and fatigue in all sessions and modes.
Using random systematic sampling method, the participants were assigned into four groups of 20 patients and each group underwent the four treatment modes. Following Williams' design, the orders of receiving the four types of protocols were as follows: ADBC for the first group, BACD for the second group, CBDA for the third group, and DCAB for the fourth group. Sodium bicarbonate dialysate was used for all the subjects. Blood flow velocity (the pump rate) and the dialysate flow rate were set at 200-300 mL/min and 500 mL/min, respectively. The subjects blood pressure was measured via a standard method and using a sphygmomanometer at five time intervals (15 min before dialysis, at the first, second, and third hour of dialysis, and 15 min after dialysis); it was measured (by the second author) while the patient was in the supine position. In order to prevent central pontine myelitis, which might occur due to an acute change in serum sodium concentration, the concentration of sodium dialysate at the beginning of HD was set at 150 mmol/L, which was gradually decreased (1 mmol/L every 15 min), so that at the end of the third hour of dialysis sodium dialysate concentration reached 138 mmol/L and this concentration was maintained during the remaining time of dialysis.
At the beginning of the trial, the patients were randomly assigned to the four groups, and a nurse in the HD ward was informed and trained about the procedures and arrangement of the various modes of HD treatment. Consistent with the treatment mode selected for each patient group, the nurse adjusted the temperature and the concentration of dialysate for each patient in each session. In each treatment session, the patients were not aware of the dialysis mode, and the researcher was in charge of measuring and recording blood pressure. The data collector and the data analyzer were also unaware of this process. In order to increase the accuracy of each treatment mode, one week of washout period was scheduled during routine dialysis.
The blood pressure measurements in all groups at different time points were reported as the mean ± standard deviation (mean systolic and diastolic blood pressure measured at different time points for the three dialysis sessions).
Following the European Best Practice Guidelines (EBPG) definition, intradialytic hypotension was defined as a decrease in SBP ≥20 mm Hg or a decrease in mean arterial pressure (MAP) by ≥10 mm Hg when it is associated with a clinical event and the need for nursing interventions (20) .
The mean systolic and diastolic blood pressure and intradialytic hypotension were analyzed through analysis of variance for repeated measures and post hoc tests. The generalized estimating equation (GEE) model was used to investigate the role of the mode of treatment and group variables on systolic and diastolic blood pressure and intradialytic hypotension. The results were adjusted for sex, age, and carryover effect. A significance level of 0.5% and confidence interval of 95% were used in all the tests.
This study was approved by the ethics committee of Shahroud University of Medical Sciences (ethics code: 06.920). In addition, this study was registered 
RESULTS
Of all the study participants, 55% were male and 45% were female, and the mean age of the patients was 55.66 ± 14.40 years. Diabetes mellitus and hypertension were the most common underlying disease that had led to chronic renal failure (Table 1) . In this study, 80 dialysis sessions were carried out for each group, and the results of 320 dialysis sessions were analyzed. Dialysis time for 60 patients was 3.5 h and for 20 patients it was 4 h in each session.
According to the study results, complications such as thirst, chillness, dizziness, and fatigue were monitored in all modes and no significant difference was seen between the groups.
The mean systolic and diastolic blood pressure under the different modes of A, B, C and D, respectively, were 113.5/65.8, 116.5/67.9, 122.9/72.4, 125.1/ 74.4 mm Hg. Comparing the changes in systolic blood pressure of the patients in the four treatment modes, it was found that the lowest mean blood pressure was measured in mode A (dialysate temperature: 37°C; routine sodium concentration: 138 mmol/L). In other words, the highest hypotension was observed in the routine mode and the mean blood pressure was higher in other modes (Table 2 ). In addition, statistical analysis using repeated measures showed that the highest and lowest values of the mean diastolic blood pressure were observed in the treatment protocols D and A, respectively. Furthermore, the mean diastolic blood pressure was more stable in mode D than in the other modes (Table 3) .
Post hoc analysis revealed a significant difference in the mean systolic blood pressure (mm Hg) between mode A (113.51 ± 20.30) and C (122.94 ± 20.30) (P = 0.021) and D (125.16 ± 20.30) (P = 0.002) and between mode B (116.55 ± 20.30) and D (P = 0.046). Considering the mean systolic blood pressure, there was no statistically significant difference between mode B and A (P = 1.000) and C (P = 0.284) and between mode C and D (P = 1.000) ( Table 4) .
According to the results of the post hoc analysis, a significant difference in the mean diastolic blood pressure (mm Hg) was observed between mode A (65.88 ± 9.94) and C (72.41 ± 9.94 mm Hg) (P < 0.001) and D (74.45 ± 9.94) (P < 0.001) and between mode B (67.97 ± 9.94) and C (P = 0.026) and D (P < 0.001). Considering the mean diastolic blood pressure, there was no statistically significant difference between mode B and A (P = 1.000) and between mode C and D (P = 1.000) ( Table 4) . Figures 2 and 3 show the changes in the systolic and diastolic blood pressure measured at different time points and in different modes.
In the GEE model, the effect of the treatment modes and groups on systolic blood pressure was examined with respect to the effects of sex and age. As shown in Table 5 , carryover effect (P = 0.68) and group (P = 0.64) had no effect on patients' systolic blood pressure, while the effects of various treatment methods (dialysis modes) on systolic blood pressure were significant (P = 0.001). It was also found that the effect of age on blood pressure was significant (P = 0.022) ( Table 5 ). The effects of sex and age, the effects of treatment modes and groups on diastolic blood pressure were also examined in another GEE model. As shown in Table 5 , carryover effect (P = 0.87) and group (P = 0.88) had no effect on diastolic blood pressure; however, the effects of various treatment methods (dialysis modes) on diastolic blood pressure were significant (P < 0.001). The effect of age on blood pressure was also significant (P = 0.034) ( Table 5 ).
The mean incidence of intradialytic hypotension in all hemodialysis sessions and in different modes of treatment for each patient was 7.16 (with a range from 0 to 12). The mean incidence of intradialytic hypotension in modes A, B, C and D was 9.97, 8.42, 5.49, and 4.74, respectively (P < 0.001). There were significant differences in the incidence of hypotension between A and other modes and between B and modes C and D. Although the incidence of intradialytic hypotension in mode D was lower than mode C, this difference was not significant ( Table 4 ).
The GEE model examined the effect of the various treatment modes and groups on the incidence of intradialytic hypotension while taking into account the effects of sex and age. As shown in Table 5 , the effects of various treatment methods (modes) on intradialytic hypotension was significant (P < 0.001).
DISCUSSION AND CONCLUSION
In the present study, changes in systolic and diastolic blood pressure in patients undergoing HD were evaluated using four treatment modes. The results showed that the highest rate of reduction in blood pressure and intradialytic hypotension were observed in the routine dialysis mode (dialysate temperature: 37°C; sodium concentration: 138 mmol/L); the mean values of blood pressure were higher in other modes. Results of previous studies have also indicated that the prevalence of hypotension in patients undergoing routine HD (dialysate temperature: 37°C; sodium concentration: 138 mmol/L) was higher than in those undergoing cold dialysis (11, 13, 21, 22) or those taking sodium concentration (gradual reduction of dialysate sodium) (17, 23, 24) .
The results of this study showed that patients in modes D (dialysate temperature: 35°C; sodium dialysate at the beginning of HD was 150 mmol/L, which was decreased linearly every hour until it reached 138 mmol/L in the last hour of dialysis) and C (dialysate temperature: 37°C; sodium dialysate at A: dialysate temperature 37°C, dialysate sodium 138 mmol/L; B: dialysate temperature 35°C, dialysate sodium 138 mmol/L; C: dialysate temperature 37°C with sodium 150 mmol/L in first hour of dialysis and decreased to 138 mmol/L in the last hour of dialysis; D: dialysate temperature 35°C with sodium 150 mmol/L in first hour of dialysis and decreased to 138 mmol/L in the last hour of dialysis;SBP1: mean systolic blood pressure 15 min before dialysis; SBP2: mean systolic blood pressure at the first hour during dialysis; SBP3: mean systolic blood pressure at the second hour during dialysis; SBP4: mean systolic blood pressure at the third hour during dialysis; SBP5: mean systolic blood pressure 15 min after dialysis.
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the beginning of HD was 150 mmol/L which was decreased linearly every hour until it reached 138 mmol/L in the last hour of dialysis) had higher mean systolic and diastolic blood pressure than those in mode A (dialysate temperature: 37°C; sodium concentration: 138 mmol/L), and this difference was statistically significant. In addition, the mean systolic and diastolic blood pressures were significantly higher in mode D than in mode B (dialysate temperature: 35°C; sodium concentration: 138 mmol/L). Dheenan and Henrich showed that the incidence of intradialytic hypotension under cold dialysis and gradual reduction of sodium was less than the standard method, and this difference was statistically significant. But intradialytic hypotension incidence was not significantly different between two methods. It should be noted that this study has not evaluated the combination of cold dialysis and gradual reduction of sodium (25) . In the study by Rezki et al. (2007) , the incidence of intradialytic hypotension in patients undergoing cold dialysis method as well as the combined methods of cold dialysis and gradual reduction of sodium was lower than the standard method, and this difference was statistically significant. However, no significant difference was reported between the standard gradual reduction of sodium method, cold dialysis, and the combined methods of cold dialysis and the gradual reduction of sodium (14) . High concentrations of sodium during the initiation of HD facilitate the transfer of water from the intercellular space to extracellular space this can prevent intradialytic hypotension via maintaining intravascular volume (15) . In addition, blood pressure increase in patients dialyzed with cold dialysate is due to an increase in peripheral vascular resistance and vascular tone (21) . The results of Rezki et al. (2007) are consistent with the results of this study in terms of using combination therapy; however, they are inconsistent using the cold dialysis and gradual reduction of sodium methods (14) . This difference could be due to differences in the number of patients and some underlying diseases, as only 16 patients were evaluated in the mentioned study and 44% were diagnosed with cardiomyopathy. However, 80 patients were evaluated in the present study, and none of them were diagnosed with cardiomyopathy (14) . Shahgholian et al. (2011) showed that the prevalence of hypotension in combination dialysis with sodium 150 mmol/L in first hour of dialysis and decreased to 138 mmol/L in the last hour of dialysis;DBP1: mean diastolic blood pressure 15 min before dialysis; DBP2: mean diastolic blood pressure at the first hour during dialysis; DBP3: mean diastolic blood pressure at the second hour during dialysis; DBP4: mean diastolic blood pressure at the third hour during dialysis; DBP5: mean diastolic blood pressure 15 min after dialysis.
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group (cold dialysis, sodium concentration 3, and UF profile 3) was lower than cold dialysis group, as well as in group treated with sodium concentration 3 and UF profile 3. Based on the results of the mentioned study, the difference was significant like the results of the present study (11) . It should be noted that the mentioned study did not compare the above methods with the standard dialysis method.
The primary limitation of this study was small sample size. In addition, dietary sodium and glucose intake, which may affect the osmolality and blood pressure, were not measured. To minimize these limitations, Williams' design and crossover sampling was used. Moreover, a number of intradialytic complications such as weight gain and muscle cramps, which might be a result of plasma sodium changes, were 
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not assessed. Also some variables such as severity of anemia, hypoalbuminemia, and cardiac dysfunction might play a role in reducing blood pressure during the dialysis session. In order to reach an equal distribution of the effective variables on patient's blood pressure, we used randomization. Meanwhile, we considered all patients in both control and intervention groups to be in the same condition using the Cross-Over method. As 20 patients were disconnected from the dialysis machines at the end of the fourth hour, we could not measure their blood pressure. Therefore, after the end of dialysis, blood pressure was measured. In this study we did not measure the time-course of serum sodium concentration. Because the acute change in serum sodium concentration induces central pontine myelitis, we encourage readers to pay attention to this. The major strength of this study was applying Williams' design and crossover sampling. Another strong point of this study was the use of advanced statistical analysis methods, particularly the use of GEE model. Literature review indicated that the majority of studies performed in this field were cross-sectional, and the effects of other variables were not considered in clinical trial studies. According to the results of this study, the gradual reduction of sodium was associated with lower fluctuations in blood pressure. Hence, the nursing staff are recommended to use gradual reduction of sodium (using a sodium concentration of 150 mmol/L in the CI, Confidence intervals; Carry over effect, Carry over effect refers to the remaining bias due to previous exposure in the course of further study for another exposure. No significant in carry over effect means that the previous intervention had no effect on results (systolic and diastolic blood pressure and intradialytic hypotension) in the next exposure. Constant is the intercept in the GEE regression model.
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H Ebrahimi et al. first hour of dialysis and then lowering it to 138 mmol/L in the last hour of dialysis) in order to improve the quality of dialysis and prevent hypotension and its subsequent complications, particularly in intradialytic hypotension patients.
